Collateral sprouting in central mesolimbic dopamine neurons: biochemical and immunocytochemical evidence of changes in the activity and distrubution of tyrosine hydroxylase in terminal fields and in cell bodies of A10 neurons.
The olfactory tubercle of adult rats was examined for the development of collateral sprouts from intrinsic dopaminergic axons following unilateral olfactory bulbectomy. In the ipsilateral tubercle tyrosine hydroxylase (TH) activity began to increase by 10-14 days following the lesion, gradually reaching a maximum of 125% of control (P less than 0.005) by 21 days where it remained permanently elevated. The rise of TH activity in the tubercle reflected changes of the dopaminergic innervation, since dopamine-beta-hydroxylase (DBH) activity was unchanged, and lesions of the dorsal noradrenergic bundle reduced DBH but not TH activity in the tubercle. By immunocytochemical staining the elevation of TH reflected an increased number and altered distribution of TH-containing processes within the olfactory tubercle. By 30 days the uptake of [3H]dopamine into synaptosomes of the olfactory tubercle was also increased to 140% of control (P less than 0.05). In the dopaminergic cell bodies of the ipsilateral A10 group (which innervate the tubercle) TH activity was transiently elevated to 121% (P less than 0.05) by 4 days, returning to control levels by 10 days. Histologically no change in activity was detected. The results indicate that mesolimbic dopaminergic neurons of A10 which innervate the olfactory tubercle will sprout in response to removal of a major non-dopaminergic input, that the new innervation is sustained, and that during collateral sprouting there is a transient elevation of TH activity in the uninjured cell bodies which precedes the period of axonal growth. The activity in the uninjured cell bodies which precedes the period of axonal growth. The findings suggest that (a) the increase of TH activity in the A10 cell bodies during collateral sprouting may be a reflection of an increase in the amount of enzyme protein required for transport into the enlarging terminal fields, (b) that as in development sprouts are in place before they reach biochemical maturity, (c) the biochemical mechanisms underlying collateral sprouting of uninjured neurons are not necessarily the same as those associated with regenerative sprouting in response to axonal injury, and (d) the development and the acquisition of biochemical maturation of collateral sprouts in the CNS involves complex two-way signaling between terminal field and cell bodies. The development of collateral sprouts of dopaminergic neurons may be the cellular substrate of the development of behavioral hyperactivity and aggression produced by bilateral olfactory bulbectomy in rat.